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ABSTRACT

Recent observa.

e, AZ, 85287

onal and theoretical stud as of the ZZ Cati variables DA

degenernto dwarfs), the DBV vnrlables (DB degenerate dwa:fs), and thn Gt4 ~~ir
v~rlobles (DO dagensrate dwarfs) hava shown tham to ba pulsatlng in nonradlaL

u -modee. The pulantLon mechanism has been identified for e~ch class of
“’arlabl@ star and, in all cases, involves predictions of the star. enveLope

composition. The 22 Ceti variablee must have pure hydrogen surface layera, the

DBV etarn must have pure helium surface Layere, and the CW Vtr stars must have

carton and oxygen rich eurface layers,

1. Introduction

III this paper I will presant and discuss our current knowledge abr.c the

nonradinlly puls{ttlng degenerate and prodogenarate vmrimbLa ntars, Thn three

ClfISe*8 of tflMee etar!I arC the ~~ ~Ot~ ~tar~ (DA tfCIgUllQrJ4t@ dWArf# WkLh p\lrt!

!lydrogen ~tmoapherel), tha DBV ntara (degenerate dwarfs with oure helium

4tmuMph@rae), and the CW Vlr variabl~~ (formerly known as tho PGI159-())5

vartal]len). The 22 Call vnrlabl.qs lnh~hlt a unrrow lnxtno

effactlve tompecaturc eround 11 ,000K atid II ~prund of iihout

tc+mppriature boundarlan of the ll~atablllty n~ri~, ara nLilL

llty ~trtp wltll fill

1 ,O()()K [ 10] , ‘TIIP

II d LNpIII. e, Tl\vlr



atmospheric composition has not, as yet, been determined. They do not show

evidence for any hydrogen in their atmospheres but they are so hot chat ~ne

cannot set an upper limit to the hydrogen abundance. Thej show lines of

helium, carbon, and oxygen and their ultraviolet spectra show numerous metal

lines. One member of this cl~ss is the central star of a planet~ry nebula

(K1-16) and all of the evidence lndicatr~ thnt the other members of the C1:*SS

were recently planetary nebula central stars, There have been J number of

reviews of the properties of these variable stars [4,27,34,35,38,39] so that

in this paper I will mainly discuss the recent results.

2. The 22 Ceti Variables

The first of the nonracially pulsating degenerate stara to be discovered

was HL T.su-~6 [13]. It had a period of ‘?50 aec; much longer chat the radial

periods predicted f~r a degenerate dwarf and thla result want unexplained for

$ome yehrs. In 1972, Chanmugam [6] and Warner and Robinson [36] su};gested

that these stars must be pulsating in nonradial g+ modos. t3vor the next

years, the Texas group came to the realization that mwt of the nonradia

pulst!tlng stara existed in the terapcrature range where the hydrogen opnc

W-IS the largest. There Are now 18 known ZZ Ceti stars [38].

It was not until th,

identifying the cause of

structure and excitation

[28,2’),seo also 24] used

radial pulmatiorr code [1

few

ly

Cy

late 1970’s that irny progrean wae made in

the pulsations, In an attempt to understand the

of white dwarf anvelopes, Stnrrfield, Cox, and Hodson

modern opacity tablaa end a linear, nonadiubatic,

to inventlgate DA envalopes for instabilitie~, They

were nuccansful nnd attributed the ●xcitation mechbniam to the kappa and gamma

mcchaniam in the hydroggn partial ionizritlon zone,

Mt!lInwhtlc, Smio and Cox [25] had dvv,,loped a new numerical technique for

tllv r,t~,ld ;tnalynim of linenr, nonrndial, n!IIIfidiab#Lic pere{irbatlon$ on #tellAr

envelupen. Wlnget, et al. [37,38,39,43] nppliud thl~ techniu.le [,IIP Alno——

7,30] to h variety of stellar modrtla, Aa aumrnarlzed in Winxet [18]: they

foIInd thnt thn pulmatlonm of tho z?, c~ti varinblen w~re rnuoed by the pmrtlal

iwtlIzntiun of hydro~al nenr the ntellar rnurfnco an,! nlqo nttril)llto,l thQ I)IISIC

lIIIyn{cal m@chaflinm to the kAppA And ~Amma offr?t!tn optlrattng nvtir the hnqo {)1

the nllrfnt!tt cnnv~ctivq zone, Thay found thnt there wnn nn Ilpper limit t,n the

-n
~mnunt uf m~tns of tha hydro~en nurfqre nun~ 0[ ltJ M,, , [f tho rnurtdcn

l\y(lr~)Uen nnno wnn mura maanlva th~n thin, the mndels worn rntahld, ‘1’l\ I n

lI~I)~ltIt,Qd it tttrollg ,Iinagreemoilt wltll pvr)l~lti,)nary (fil(IIlht.lo,19 Vlll,ll prmdl,,t
- i,

ntlrrhcp hyI1rOgPn m~mnmn of ordor 10 M,, or l~rger [14],



The disagreement between pu’.sation and evolution theory was so severe

that it seemed importarrt to redo Winget [37]. Such a study has now been done

[5] and they flrrd both agreement and disagreement with Winget [37], First,

they found that the nonstandard convection theory used by Wlnger assumed very

inefficient convection. What was done was to choose the mixing length to be

the smaller of the pressure scale height or the distance to the surfnce. This

reduces the ratio of mixing length to scale height to very small va].ues near

tt!e surface, Cox, et al. , assumed standard theory [’2], Second, CO%, et al.

used both the Saio and Cox [25] code and a new Lagrangiau Code [22]., They

find a blue edge at about 12,000K for models which assume very efficient

convection: l/hp-2 to 3. However, the blue edge does not depend on the amount

of hydro~n enveloo,~ mass and, in fact, stellar models with Me-10-4Mo arc

pulsationally unstable. This completely removes the theoretical discrepancy

htitween the evolutlon and pulsaticn calcul, ‘onq.

The most important result of CO%, et . 1s that tl)ccuuse of the

lnst.!bllity lq neither the kappa nor the gamma mechanism cesulti!,g from the

pnrtlnl Lonlzmtion of hydrogen but 1s o new physical effect which tl)ey call

~’collvuction blocklng,” In essence, the interaction of pulsation and

convection can +rct to block the flow of energy in II compression or relcnse

in on exptinslon juJt like the normal kappa and gamma mechanisms.

3. The Pulsnting DBV Stars

Currently there are L known puls~tors with pure helium atmo~phoros [38

They nre cnlled tho DBV stars and thulr discovery iB ~ dkroct result of thb

theorutlcnl prndictlona [37,42]. Both uitr~violet and opttcaL atrnonphertc

t

.

nnaly~~n hnve been performed nn theao ~tar~ and Ll,e lll~t.nblllty utrlp r’~nges

from nn effective temperature of 24,000K to about 28,(X)OK [19], However, the

houndnricM orrr rntlier uncerL,,ln and probably could very by aH much an 2,()()OK

. [Lll find n onmewhnt coolor inxt~bllity ntrlp,

ThPoret(cnl tirralyaan of these stnrs 15,)8] are in osaentlftl ngrooment but

with thv ~tlme dlfferancen in Interprcltiition nn found for tho ZZ Cotl

vmrl~hlorr, In nnaetlt!r!, lho Cnuuc! of lt\nttiblllty In llILimAt,@~y Lha p{!rtirtl

ionization rw~lon of h@Li\lm Allil hy[irog@t\ c>dut\{)t b~! prefie[,t ill L}}* dri Vii\g

region LO rnthnr atrin~~nL limltn, ‘rhlq 1* I)ornilmt) lIydrogeI\ CmI PIIM1lY

“polnol l’” thI* p(lltintionrnIIIthin tvrnperntura rnnge mId, 111 lddl, t 1,)11, I r lhore

wore AIIy l~ydro~vl} tl wn(lld f lnnt, to CI1O ~urfnra ,)11 n rather rnpld L (I!NI MrMlv,

/,, TI,,, (;w Vtr (II(;1159-() )5) Vnr(nhl@ !itdrs

‘~ho fir~t m~mh~r I.1[ thin CLAAI! watI t’ouI\d 1[) ho puisntltlg III a N{illh!!r Of



modes with periods around 500 seconds [20] . Spectroscopic studies showed no

evidence for any hydrogen in the atmosphere, that the gravity was ‘!,07 cm/s2

or iarger, and that 1:s effeccive temperature exceeded 100,OOOK [1]. Winget,

et al. [40] have measured a period change in CW Vir of -2.34 x 10 ‘l& S/S. This.—

h,-s now been interpreted [15] a~ caused by a shrinking, rotating star

pulsating in a low order 1 mode (1 is the number of node lines on the

surface). They obtain a rotation velocity of ’35 - 50 km/see which does not

seem unreasonable for a white dwarf. Other members of this class [9,44]

include the central star of the planetary nebula K1-16 which ia pulsating at

periods of ‘1700 see, much longer than thoee found in GW Vir.

. [29-33] identified the pulsation driving mechanism as

the partill ionization of uhe Iaat two electrons of both carbon and oxygen.

Both codes [22,25] were used to analyze stellar envelopes in the effective

temperature range from 7(’,0001( to 150,000K (and hotter). The maas of the star

was ,issumed to be 0.6M0 and the composition of the envelope was ussumcd to bti

either half helium and half carbon (by mass), p~re carbon, half carbon and

half oxygen, or ninety percent oxygen and ten percent carbon. They found

instability strips for these stars in the above temperature range, They nleo

predicted that if GW Vir were as hot as suggested by the xray observtiLlons,

then a significant amount of oxygen was required at the surfaco in order [or

thes~ stars to puleate. Thie prediction wae confirmed [26] by the discovery

of strnc.g oxygen lines in the spectrum, The nctual abundance of oxygen 1s

unknnwc since no abundance analysis has heen done for these .st(\rs, A rvcent

study of K1-16 has found the same lines but they are in emission, St,lrrfleld

et al, [33; nnd in preparation] have also dune a Llnc{tr, non{l~i{ibatlcl

nonrndlfil {tnnlyels of K1-16 and found tnstnhlllty strlp~ [or LhlM hL,~r {IL Iligl)

Iumlnonity, In order for K1-16 to be pulsating nt periotls of ‘1700 swc it mtl~t

havr an effective temperature arnund IJO,WOK,

5. conclu*tofle

TII* ohservatlonai studies of tiles@ ~t~rn Iltlve Ml~owI\ both Llult they :tr{,

pul~,ltir)~ in nunradinl g+ mude~ and AIRI) Lli,t L t.h,!so M(I,1O!I ,Ire of lt)w ,~r,lmr l!~

1 nnd high order in k (Lhe number of nudes lN tho rndlfil oigenvuctur), rhO

prlnclp~l argument in favor of thouO coI\c!\Islons in th~t the ~~orlotlfi

rtilcul{ttad for stellar modeln in che ohqvrvod t@mpor,lc\lro rnngo nre qiIi to

clone to thono t,uit ~re obnarved. Tha dlncovery nn~l nnnlyIIln of tht!rne XL:lrH

IIAS markedly imprw@d mlr underntandln~ of Lho Inst *lnKeR of I*VI)LU1lIIII of

atnrs lik~ tho nun. [n order to atwtiyzo tl\e9e at*rn itI\Il domonstrnl,p thott they



are pulsaclng in nonradial modee, it waq necessary co develcp new numerical

techniques and uee the lateat etellar opacitiee nnd equatione of state.. In

addition, it waa neceseary to apply diffusion theory co the outer envelopes of

DA white dwarfa. Nw it appeare chat a time dependant theory of the

lnceraction between convection and puleation will have to be developed in

order to accurately determine the theoretical boundaries of the 22 Cati and

DRV inatabllity etrlpa.

The theoretical analyelm of theee etars hma providad ue with two new

pulaatlon drivina ❑echanfeme. In the caac of both cho 22 Ceti and DBV

variablee it ie “convection blocking” which occurs aa a result of the

lnteracr:lon between convection ●nd pulsation. Detailed tnalyslt of the

driving reglono in both claeeee of variablga ahowa that convection cannot

adjunt lnatantaneoualy to either a compremaion or an expanaion and the result

is a blocking or releaee of energy out of phafie with the envelope motlonc,

In the caec of the GW Vlr variable- it ie the action of a kapp~ and Samma

mecharrlnm that drlvee the pulaationn, but it la tha pa:tial ionization of

carbon and oxygen that caileea the pulaational instability and ●violence haa now

heen oht.llned thmt nhoum that these stars have oxygen praeent at the eurface.

Thin impllee that these stars have probably eufferatf a graat deai of ma-e h?ea

in order fur tham to hava ●laminated thalr ●ntire hydrogen nnd helium burning

layara.

FinalLy, the obaervationa of theta -tars thou that thare le helium

praoent in the nurfaca layara. The fraction of hcllum ham yet to be

Jatarmlned but la probably emall; otharwiee, it would polrnon tha pwleatlunal

inetahlllty. Navartt,eleaa, lt seems llknly that with time it will fLoat tu

the nurfnce ;Ind finally poinon the driving and halt Lhe pulnntlonn, Aa the

at~r c(>oirn, howover, lt will pann thro,lMh tha I)BV ll)~tahlllty Mtrlp nnd ngnln

become n pulmttlng varimble ntmr.

lt An a pl~nnure to thalih N, Bond, A. C1’m, A, (:rmer, C. llnnnI1n, S.

Knwnlt,r, J. I.iehert, E. Nather, l). Ponnall, E, M, SInn, N. Van Il,,rn, AIId l).

UinUcL ror vnlunhla dlncuotiloun, t nm ~rnlc~rul l!) lI!v AnnorlJ4LltNl ur WV~II.I’11

~lnivernltlen *nd lIIQ Fall,wa ,jf tl~a ,Ioillt lnfitll,\lta (,lr l,fihor~~(]ry

A~truphynlcn fur Sabbatlcul l,aave Y@llownhip# durlnri LIIP tlm@ thlrn pup-r wn~

h~lng prep~red, I m alrio Mr*t~ful 10 (;. Ho[l, S, (:i)lMatm, A. N. Cox, ~,lli .1,

Nurmdn f,)r Lh@ h,jnpltniity UC thq l,nn Alfimlm NitLlt)IInl I,nl),)ralory dn(l n

Mmn@rnua Mrn!ll of CWMpUt-r tiIUO.
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